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Background. We sought to determine whether infections with human coronaviruses (HCoVs) 229E, OC43, 
HKU1, and NL63 are associated with pneumonia and to define the epidemiology of HCoV infection in rural 
Thailand. 

Methods. We developed a real-time reverse-transcription polymerase chain reaction (RT-PCR) assay panel for 
the recognized HCoV types and compared HCoV infections in patients hospitalized with pneumonia, outpatients 
with influenza-like illness, and asymptomatic control patients between September 2003 and August 2005. 

Results. During study year 1, 43 (5.9%) of 734 patients with pneumonia had HCoV infections; 72.1% of the 
infections were with OC43. During study year 2, when control patients were available, 21 (1.8%) of 1156 patients 
with pneumonia, 12 (2.3%) of 513 outpatients, and 6 (2.1%) of 281 control patients had HCoV infections. 
Compared with infection in control patients, infection with any HCoV type or with all types combined was not 
associated with pneumonia (adjusted odds ratio for all HCoV types, 0.67 [95% confidence interval, 0.26-1.75]; 
P = .40). HCoV infections were detected throughout both study years; 93.6% of OC43 infections in the first year 
occurred from January through March. 

Conclusions. HCoV infections were infrequently detected in rural Thailand by use of sensitive real-time RT- 
PCR assays. We found no association between HCoV infection and illness. However, we noted year-to-year variation 
in the prevalence of HCoV strains, which likely influenced our results. 


Human coronaviruses (HCoVs) are positive-stranded, 
enveloped RNA viruses classified within the family Co- 
ronaviridae (genus, Coronavirus) [1]. First identified in 
the mid 1960s [2-4], HCoV-229E and HCoV-OC43 are 
recognized to be an important cause of the common 
cold [4-6]. Epidemiologic studies have since shown that 
these viruses are responsible for up to 30% of mild 
upper respiratory tract infections [7-11]. More recently, 
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2 new HCoVs, NL63 and HKU1, have been reported, 
both detected in respiratory tract specimens of patients 
with lower respiratory tract illness [12-15]. NL63 has 
since been reported worldwide in 2%-9% of persons 
with acute respiratory tract illness, including in some 
hospitalized with pneumonia [16-20]. HKU1 has also 
been identified in respiratory tract specimens from chil¬ 
dren and adults with acute respiratory tract illness at a 
prevalence ranging from 0.3% to 4.4% [21-23]. 

Much of the early diagnostic work on HCoVs relied 
on cumbersome and insensitive methods such as se¬ 
rologic analysis, virus culture, and antigen detection. 
The subsequent development of sensitive reverse-tran¬ 
scription polymerase chain reaction (RT-PCR) assays 
has permitted a wider study of these viruses [24-27], 
increasing the number of reports possibly linking 
HCoV infection to more-severe lower respiratory tract 
infections. However, these studies often failed to use 
well-designed epidemiologic or laboratory methods to 
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establish HCoV etiology, including (1) use of sensitive, well- 
validated assays that detect and distinguish all 4 currently rec¬ 
ognized HCoV types; (2) comprehensive testing for other re¬ 
spiratory pathogens that may be present in mixed infections 
with HCoVs and, thus, may be responsible for the disease; and 
(3) comparison of HCoV infections between asymptomatic 
control patients and symptomatic patients, controlling for age 
and month of illness. 

In the present study, we developed a sensitive and specific 
real-time RT-PCR assay panel for all currently recognized 
HCoVs (229E, OC43, NL63, and HKU1) that complements 
our previously described severe acute respiratory syndrome 
(SARS)-CoV-specific real-time RT-PCR assay [28]. We used 
this assay panel to test specimens from patients hospitalized 
with pneumonia, outpatients with influenza-like illness (ILI), 
and asymptomatic control patients from a rural Thai province. 
We describe the epidemiology of HCoV infection in rural Thai¬ 
land and compare infections in control patients versus patients 
with pneumonia. 

METHODS 

HCoV Assay Panel 

Viral nucleic acid. HCoV RNA used for development and 
validation of the real-time RT-PCR panel was obtained from 
several sources (see Acknowledgments). HCoV prototype 
strains 229E (ATCC VR-740) and OC43 (ATCC VR-1558) were 
available from Centers for Disease Control and Prevention 
(CDC) archives, whereas the NL63 prototype strain was do¬ 
nated. Thirty-one available HCoV-positive clinical specimens 
(16 OC43, 4 229E, 10 HKU1 and 1 NL63) were previously 
identified by RT-PCR and probe hybridization [29] or by RT- 
PCR and sequencing [30, 31]. Other respiratory viruses were 
available for specificity testing from CDC archives, including 
laboratory strains of influenza virus A and B, respiratory syn¬ 
cytial virus (RSV), human parainfluenza viruses (HPIV)-l—4, 
human metapneumovirus (HMPV), adenovirus, rhinovirus, 
human bocavirus (HBoV), and SARS-CoV. 

RNA transcripts. Primer pairs containing T7 and SP6 
RNA polymerase promoter sequences were used to amplify 
regions bracketing the real-time RT-PCR signatures for each 
HCoV type. A 488-bp fragment of the OC43 nucleoprotein 
(N) gene was generated using the forward primer 5 '-SP6- 
GAGCTCAACCCAAGCAAACTG-3' and the reverse primer 
5'- T7-TGTGCGCGAAGTAGATCTGG-3'; 476 bp of the 229E 
N gene was generated using the forward primer 5'-T7-ATGG- 
CTACAGTCAAATGGGCTG-3' and the reverse primer 5'- 
SP6-CCGCGACTCTGCGACCT-3'; 401 bp of the NL63 N 
gene was generated using the forward primer 5'-T7-ATCAGT- 
GCTAACCTCACTATCAAAGAAT-3' and the reverse primer 
5'- SP6-CTTCTCGTAGCACTTCAAGACAACA- 3'; and 440 bp 
of the HKU1 replicase lb gene was generated using the pre¬ 


viously published primers [23] 5'-SP6-GGTTGGGATTATCCT- 
AAATGTGA-3' (forward) and 5'-T7-CCATCATCACTCAAAA- 
CATCATA-3' (reverse). Amplification products were gel puri¬ 
fied using the QIAquick Gel Extraction Kit (Qiagen), and RNA 
transcripts were prepared using the MEGAshortscript High 
Yield Transcription Kit (Ambion). RNA transcripts were pu¬ 
rified using the MEGAclear Kit (Ambion) and were quantified 
by UV light spectroscopy. For limit-of-detection tests, serial 
dilutions of the quantified RNA transcripts were prepared in 
a diluent containing yeast tRNA (50 ng/mL; Ambion). 

Primers and probes. Multiple primer and probe sequences 
for HCoV-HKUl and HCoV-NL63 were designed to identify 
type-specific conserved regions of the viral replicase lb and N 
genes identified from alignments of sequences available in 
GenBank (AY884001, DQ190472, and DQ206693-9 for HKU1 
[31, 32] and NC_005831, AY563107-8, and AY758276-82 for 
NL63 [13, 14]), using Primer Express (version 3.0; Applied 
Biosystems) and Beacon Designer (version 5.0; Premier Biosoft 
International) software (table 1). Primer and probe sequences 
for HCoV-OC43 and HCoV-229E have been described else¬ 
where [26]. All probes were labeled at the 5' end with FAM 
and quenched at the 3' end or internally with Black Hole 
Quencher-1 (Biosearch Technologies). Sequences of different 
representative HCoVs were aligned to check for potential cross¬ 
reactivity of the real-time assays (SARS-CoV [AY864806], OC43 
[NC_005147], 229E [NC_002645], NL63 [NC_005831], and 
HKU1 [NC_006577]) [14, 15, 33-35], 

Real-time RT-PCR assays. The real-time RT-PCR panel 
consisted of 4 differential HCoV monoplex assays run under 
identical amplification conditions. Reaction mixtures were pre¬ 
pared using the iScript One-Step RT-PCR Kit for Probes (Bio- 
Rad). Twenty-five-microliter reactions contained 2X reaction 
buffer, 50 X iScript reverse transcriptase, primers, probe, nu- 
clease-free water, and nucleic acid. Amplification was per¬ 
formed on an iCycler iQ Real Time Detection System (Bio- 
Rad) with the following cycling conditions: 48°C for 10 min 
(1 cycle); 95°C for 5 min (1 cycle); and 95°C for 15 s followed 
by 55°C for 1 min (45 cycles). Each specimen was also tested 
for the human ribonuclease P gene to measure nucleic acid 
integrity [28]. 

Clinical Study 

Study subjects and specimens. Specimens were collected from 
patients of all ages enrolled in an enhanced active surveillance 
program for pneumonia requiring hospitalization in Sa Kaeo 
Province, Thailand [36], over a 2-year period from 1 September 
2003 to 31 August 2005; we previously tested these specimens 
for HBoV infections [37, 38]. In general, a patient was enrolled 
in the study if he or she had at least 1 sign of acute infection 
(e.g., fever, chills, and/or abnormal white blood cell count), 
symptoms of lower respiratory tract disease (e.g., abnormal 
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Table 1. Human coronavirus real-time reverse-transcription polymerase chain reaction (RT-PCR) panel primer 
and probe sequences. 


Assay, 3 primer/probe 

Final concentration, 
nmol/L 

Gene target 

Sequence (5'->3') 

229E 


Nucleoprotein 


Forward 

750 


CAGTCAAATGGGCTGATGCA 

Reverse 

500 


AAAG G G CTATAAAG AG AATAAG GTATTCT 

Probe b 

50 


CCCTGACGACCACGTTGTGGTTCA 

NL63 


Nucleoprotein 


Forward 

250 


GACCAAAGCACTGAATAACATTTTCC 

Reverse 

250 


ACCTAATAAG CCT CTTT CT CAACCC 

Probe 0 

50 


AACACGCT"T"CCAACGAGGTTTCTTCAACTGAG 

0C43 


Nucleoprotein 


Forward 

500 


CGATGAGGCTATTCCGACTAGGT 

Reverse 

750 


CCTTCCTGAGCCTTCAATATAGTAACC 

Probe b 

50 


TCCGCCTGGCACGGTACTCCCT 

HKU1 


Replicase 1b 


Forward 

100 


CCTTGCGAATGAATGTGCT 

Reverse 

750 


TTGCATCACCACTGCTAGTACCAC 

Probe b 

50 


TGTGTGGCGGTTGCTATTATGTTAAGCCTG 


a Primer and probe sequences for 229E and OC43 are from van Elden et al. [26]. 
b Labeled at the 5' end with FAM and terminally quenched at the 3' end with Black Hole Quencher-1. 

c Labeled at the 5' end with FAM, internally quenched with Black Hole Quencher-1 (indicated by "T"), and labeled at the 3' end with 
a phosphate. 


breath sounds, tachypnea, and/or cough), and the physician 
ordered a chest radiograph (CXR) within 48 h of admission. 
Final CXR findings were not available for the present analysis. 
A nasopharyngeal swab, acute and convalescent serum, urine, 
and clinical and demographic information were collected from 
each patient with pneumonia. 

A sample of outpatients with ILI, defined as fever within the 
previous 3 days and cough or sore throat in the absence of 
other diagnoses, were recruited from the outpatient depart¬ 
ments of 5 hospitals in Sa Kaeo Province [39]. Only outpatient 
specimens from the second year of the study (1 September 
2004 to 31 August 2005) were tested for HCoV infection. A 
nasopharyngeal swab and demographic information was col¬ 
lected from each outpatient participant. In addition, during the 
second study year, we enrolled a sample of control patients 
from the same outpatient clinics; these were patients with other 
health-related complaints but without a fever and with no his¬ 
tory of fever, cough, sore throat, or diarrhea within the previ¬ 
ous 3 days. We sought to enroll equal numbers of control 
patients and patients hospitalized with pneumonia from each 
age group (^2 years, 3-5 years, 6-15 years, 16-54 years, and 
3*55 years) during each month of the year. A nasopharyngeal 
swab and demographic information was collected from each 
control patient. 

Nasopharyngeal swabs were collected in viral transport me¬ 
dium, and aliquots were processed and transported as described 
elsewhere [37, 38]. The swabs were tested for RSV, HPIVs, 
influenza virus A and B, and adenovirus by culture at the 


Thailand National Institute of Health [38], and total nucleic 
acid extracts were tested for influenza virus A and B, RSV, 
HPIV-1-3, HMPV, adenovirus, rhinovirus, and HBoV (year 2 
only) by PCR at the CDC [37, 40-42]. Aliquots of the extracts 
were kept at — 70°C for HCoV testing. We did not test for 
SARS-CoV infection. Acute and convalescent serum samples 
were tested for RSV, HPIV-1-3, adenovirus, and HMPV by in- 
house EIAs and for influenza viruses by hemagglutination-in¬ 
hibition assays (year 1 only). A specimen was considered to be 
positive if either culture or PCR results were positive or if there 
was a 4-fold or greater increase in antibody titer between acute 
and convalescent serum samples. 

All participants were informed of the study objectives, and 
written consent was obtained. The study protocol was reviewed 
and approved by the internal review boards of the CDC and 
the Thailand Ministry of Public Health. 

Statistical methods. Admissions for pneumonia were 
counted individually, including readmissions 3*14 days after a 
previous discharge; readmissions occurring within 13 days were 
considered to be 1 admission. We compared HCoV infections 
between patients hospitalized with pneumonia and control pa¬ 
tients during the study year using the x 2 test and a multivariable 
unconditional logistic regression model controlling for age 
group and month of illness. The clinical characteristics of pa¬ 
tients with HCoV infection, without coinfections, were com¬ 
pared to patients with infection with other common viruses. 
Variables were compared with the x 2 test for dichotomous var¬ 
iables. Two-tailed P< .05 was considered to indicate statistical 
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significance. Analyses were performed using SAS software (ver¬ 
sion 9.1; SAS Institute). 

RESULTS 

Development and validation of the HCoV real-time RT-PCR 
assay panel. Different primer and probe combinations were 
evaluated for the NL63 and HKU1 assays, and those with the 
most efficient amplification were selected for further studies. 
All real-time assays were internally specific for the other HCoVs, 
and no amplification was obtained with other respiratory viral 
pathogens—including influenza viruses A and B, RSV, HPIV- 
1-4, HMPV, adenovirus, rhinovirus, HBoV, and SARS-CoV— 
or with human DNA. All assays were successfully validated 
against 31 clinical specimens previously shown to be positive 
for HCoVs by alternate methods; 3 specimens originally re¬ 
ported to be positive for OC43 by RT-PCR [30] were identified 
as being HKU1 by the real-time assay and were confirmed by 
sequencing. The sensitivity of each assay was determined by 
testing limiting dilutions of specific viral RNA transcripts, and 
all 4 HCoV assays could detect as few as 5 copies. Every assay 
in the panel detected 15 (100%) of 15 and 15 (100%) of 15 
replicates of 500 and 50 copies, respectively. The OC43, 229E, 
HKU1, and NL63 assays detected 5 (33.3%) of 15, 14 (93.3%) 
of 15, 5 (33.3%) of 15, and 12 (80.0%) of 15 replicates of 5 
copies, respectively. All 4 assays achieved linear amplification 
of respective RNA transcripts ranging from 5 X 10 1 to 5 X 10 5 
copies. Reaction efficiencies, slopes, and R 2 values for these 
assays were 100%, -3.32, and 0.99 for OC43; 99.2%, -3.34, 
and 0.99 for 229E; 100%, -3.32, and 0.99 for HKU1; and 
99.6%, —3.33, and 1.00 for NL63, respectively. Limited at¬ 
tempts to multiplex the reactions in a single tube resulted in 
reduced assay sensitivity, and these studies were not pursued 
further (data not shown). 

HCoV epidemiology in Sa Kaeo Province. During the first 
study year (1 September 2003 to 31 August 2004), 3489 patients 
with signs and symptoms of clinical pneumonia were admitted 
to a Sa Kaeo Province hospital, and 2059 (59.0%) of these 
patients had a CXR taken. We enrolled 755 (36.7%) of the 
patients hospitalized with pneumonia who had a CXR taken; 
16 were being readmitted. Respiratory specimens were un¬ 
available for 21 patients with pneumonia, who were excluded 
from the analysis (n = 734). There were 43 (5.9%) HCoV in¬ 
fections during study year 1, and all HCoV types were identified 
(table 2). OC43 was detected most frequently, representing 
72.1% of all HCoV infections, and was present in all age groups. 
229E, NL63, and HKU1 infections were uncommon. 

During the second study year (1 September 2004 to 31 Au¬ 
gust 2005), 3960 patients with pneumonia were admitted to a 
hospital in Sa Kaeo Province, and 2288 (57.8%) of these pa¬ 
tients had a CXR taken. We enrolled 1156 (50.5%) of the hos¬ 
pitalized pneumonia patients who had a CXR taken; 32 were 


Table 2. Human coronavirus (HCoV) infections among patients 
hospitalized with pneumonia during 2 years of surveillance, Sa 
Kaeo Province, Thailand, 1 September 2003 to 31 August 2005. 


Year, age group 

Tested, no. 

HKU1 

NL63 

229E 

OC43 

All HCoV 

Study year 1 

1-11 months 

60 

0 

0 

0 

4 (6.7) 

4 (6.7) 

1-4 years 

85 

0 

0 

0 

2 (2.4) 

2 (2.4) 

5-19 years 

54 

0 

1 (1.9) 

0 

2 (3.7) 

3 (5.6) 

20-49 years 

193 

3 (1.6) 

2 (1.0) 

1 (0.5) 

8 (4.2) 

14 (7.3) 

50-64 years 

110 

0 

1 (0.9) 

0 

5 (4.6) 

6 (5.5) 

^=65 years 

232 

0 

3 (1.3) 

2 (0.9) 

10 (4.3) 

14 (6.0) 

Total 

734 

3 (0.4) 

7 (1.0) 

3 (0.4) 

31 (4.2) 

43 (5.9) 

Study year 2 

1-11 months 

67 

1 (1.5) 

0 

0 

0 

1 (1.5) 

1-4 years 

298 

3 (1.0) 

1 (0.3) 

2 (0.7) 

2 (0.7) 

8 (2.7) 

5-19 years 

132 

0 

0 

2 (1.5) 

0 

2 (1.5) 

20-49 years 

213 

1 (0.5) 

0 

1 (0.5) 

1 (0.5) 

3 (1.4) 

50-64 years 

147 

2 (1.3) 

0 

2 (1.3) 

0 

4 (2.7) 

2*65 years 

299 

2 (0.7) 

0 

0 

1 (0.3) 

3 (1.0) 

Total 

1156 

9 (0.8) 

1 (0.1) 

7 (0.6) 

4 (0.4) 

21 (1.8) 


NOTE. Data are no. (%) of patients. 


being readmitted. Only 21 (1.8%) had any HCoV infection 
detected (table 2). Each HCoV type was detected in <1% of 
patients with pneumonia. There were significantly more HCoV 
infections detected among patients with pneumonia in study 
year 1 than in study year 2, and this difference remained when 
we analyzed for OC43 infection alone (for all HCoV infections, 
5.9% vs. 1.8% [P< .001]; for OC43 infections, 4.2% vs. 0.4% 
[Pc.001]). 

Of the outpatients with ILI, 12 (2.3%) had HCoV infections 
(table 3). NL63 was the most common type detected among 
the outpatients (75.0% of all HCoVs). We detected a similar 
proportion of HCoV infections among asymptomatic control 
patients; 6 (2.1%) of the 280 control patients had 1 of the 
HCoV types detected. Among the control patients, HCoV in¬ 
fections were detected in all age groups except for children <1 
year of age. 

We compared HCoV infections between patients hospitalized 
with pneumonia and control patients for study year 2. Neither 
all HCoV infections combined nor infections with individual 
HCoV types were associated with pneumonia requiring hos¬ 
pitalization, even after controlling for age and month of illness 
(for all HCoV infections, adjusted odds ratio [aOR] of 0.68 
[95% confidence interval [Cl], 0.26-1.75] [P = .4]; for HKU1, 
aOR of 0.68 [95% Cl, 0.14-3.30] [P = .63]; for NL63, aOR of 
0.07 [95% Cl, 0.01-0.84] [P = .04]; for 229E, aOR of 2.18 
[95% Cl, 0.25-19.03] [P = .48]; for OC43, aOR of 0.75 [95% 
Cl, 0.08-6.78] [P = .79]). Fewer NL63 infections were detected 
among patients with pneumonia than among control patients, 
and the association between NL63 and pneumonia appears to 
be protective. However, the numbers are small, and this result 
should be interpreted with caution. 
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Table 3. Human coronavirus (HCoV) testing results for outpa¬ 
tients with influenza-like illness and control patients (persons 
without respiratory tract symptoms, fever, or diarrhea during the 
previous 3 days) in study year 2 (1 September 2004 to 31 August 
2005). 


Cohort, age group 

Tested, no. 

HKU1 

NL63 

229E 

OC43 

All HCoV 

Outpatients 

1-11 months 

38 

0 

0 

0 

0 

0 

1-4 years 

171 

1 (0.6) 

5 (2.9) 

0 

0 

6 (3.5) 

5-19 years 

263 

0 

4 (1.5) 

2 (0.8) 

0 

6 (2.3) 

20-49 years 

21 

0 

0 

0 

0 

0 

50-64 years 

14 

0 

0 

0 

0 

0 

2*65 years 

6 

0 

0 

0 

0 

0 

Total 

513 

1 (0.2) 

9 (1.8) 

2 (0.4) 

0 

12 (2.3) 

Control patients 

1-11 months 

34 

0 

0 

0 

0 

0 

1-4 years 

51 

0 

1 (2.0) 

0 

0 

1 (2.0) 

5-19 years 

69 

1 (1.5) 

0 

0 

0 

1 (1.5) 

20-49 years 

54 

0 

1 (1.9) 

1 (1.9) 

0 

2 (3.7) 

50-64 years 

36 

0 

0 

0 

1 (2.8) 

1 (2.8) 

2*65 years 

36 

1 (2.8) 

0 

0 

0 

1 (2.8) 

Total 

280 

2 (0.7) 

2 (0.4) 

1 (0.4) 

1 (0.4) 

6 (2.1) 


NOTE. Data are no. (%) of patients. 


Of all 82 patients with HCoV infections, 30.5% were coin¬ 
fected with other respiratory viruses, including almost half of 
those who were infected with NL63 (table 4). Among the pa¬ 
tients with pneumonia, 17 (26.6%) of the 64 who were infected 
with HCoV had a viral coinfection. Among the outpatients and 
control patients with HCoV infections, 7 (58.3%) of 12 and 1 
(16.7%) of 6, respectively, were coinfected with another virus. 

HCoV infections were detected in Sa Kaeo Province through¬ 
out the 2-year study (figure 1). OC43 was the most frequently 
detected HCoV type, representing 36 (43.4%) of all 83 HCoV 
infections. During study year 1, OC43 was present in 31 
(72.1%) of the 43 HCoV-infected patients; these infections clus¬ 
tered in January-March 2004 and made up 93.6% of the OC43 
infections that year. The following year, 8 (53.3%) of all 15 
HKU1 infections were detected during the same 3 months and 
only 1 OC43 infection (2.7%) was detected, indicating a shift 
in circulation of the predominant HCoV type. NL63 infections 
appeared to peak in September 2004. 229E was detected at low 
levels throughout the study. 

We compared the clinical characteristics of OC43-infected 
patients with pneumonia to those of patients with pneumonia 
who were infected with influenza virus or RSV (2 common 
infections) and limited our analysis to study year 1, when the 
prevalence of OC43 infections was highest. Fifty percent of the 
24 patients with OC43 infections had fever, 91.7% had cough, 
41.7% had tachypnea, 22.7% received oxygen therapy, and 8.3% 
required mechanical ventilation; no statistically significant dif¬ 
ferences were noted between patients infected with OC43 and 
those infected with influenza virus or RSV (data not shown). 


A few differences were noted—3 (12.5%) of 24 patients with 
OC43 infections had rhinitis versus 0 of 47 patients with in¬ 
fluenza virus infections (P = .04), and only 3 persons (12.5%) 
with OC43 infections had wheezing on admission versus 9 
(47.4%) of 19 persons with RSV infections (P = .01). Patients 
with HCoV infections other than with OC43 also had similar 
proportions of fever (63.2%), cough (89.5%), and tachypnea 
( 21 . 1 %). 

DISCUSSION 

In the present study, we developed a sensitive and specific real¬ 
time RT-PCR assay panel for the 4 HCoV types (229E, OC43, 
NL63 and HKU1) and used this assay panel to assess the disease 
burden and epidemiology of HCoV infection in a rural province 
of Thailand over a 2-year period. Infections were infrequently 
detected among hospitalized patients with pneumonia and 
among outpatients with ILI. During study year 2, the asymp¬ 
tomatic control patients and the ill patients had similar pro¬ 
portions of HCoV infections. OC43 infections were detected 
in significantly higher numbers during the first study year. 
However, we did not have a control group for comparison 
during that year. Thus, in rural Thailand from 1 September 
2003 to 31 August 2005, infection with HCoVs occurred in¬ 
frequently. We were unable to show an epidemiologic associ¬ 
ation between any of the HCoV types and pneumonia requiring 
hospitalization. 

The real-time RT-PCR assays for the 4 HCoV types were 
combined into a single test panel using identical amplification 
conditions. The assay panel was shown to be sensitive and 
specific with defined targets and was validated by use of human 
clinical specimens that were independently confirmed to be 
positive for the different virus types. Samples previously de¬ 
termined to be OC43 positive by use of conventional methods 
were found to be HKU 1 positive and OC43 negative by use of 


Table 4. Coinfections of respiratory specimens with human co¬ 
ronavirus (HCoV) and another respiratory virus during the 2-year 
study, 1 September 2003 to 31 August 2005. 


Coinfecting virus 

HKU1 
in = 15) 

NL63 
in = 19) 

229E 
in = 13) 

OC43 
in = 36) 

All HCoV 
in = 82) 

RSV 

2 (13) 

0 

0 

0 

2 (2.4) 

HPIV-1-3 

1 (6.7) 

1 (5.3) 

0 

1 (2.8) 

3 (3.7) 

HMPV 

0 

0 

1 (7.7) 

1 (2.8) 

2 (2.4) 

Influenza virus A/B 

1 (6.7) 

2 (10.5) 

1 (7.7) 

1 (2.8) 

5 (6.1) 

Rhinovirus 

0 

2 (10.5) 

1 (7.7) 

1 (2.8) 

4 (4.9) 

Adenovirus 

0 

1 (5.3) 

0 

0 

1 (1.2) 

HBoV 

0 

1 (5.3) 

0 

0 

1 (1.2) 

>1 virus 

2 (13) 

2 (11) 

2 (15) 

3 (8.3) 

9 (11) 

Total 8 

4 (27) 

9 (47) 

5 (39) 

7 (19) 

25 (30) 


NOTE. Data are no. (%) of patients. HBoV, human bocavirus; HMPV, human 
metapneumovirus; HPIV, human parainfluenza virus; RSV, respiratory syncytial 
virus. 

a Some coinfections consisted of >1 virus. This is reflected in total. 
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Year 1 Year 2 


Figure 1. Seasonality of human coronavirus (HCoV) infections during 2 years of surveillance, Sa Kaeo Province, Thailand, 1 September 2003 to 31 
August 2005. The first year includes HCoV infections in hospitalized patients with pneumonia, and the second year includes HCoV infections in 
pneumonia patients, outpatients with influenza-like illness, and control patients. 


this panel, exemplifying the panel’s specificity in relation to 
other HCoV diagnostic tools. Although real-time assays have 
been described for some HCoV types [26, 43], most studies 
failed to report analytical and clinical data by which assay per¬ 
formance could be evaluated. Although our assay panel could 
detect and discriminate among the 4 known HCoV types, it 
could have failed to detect or improperly classify unrecognized 
HCoVs. 

Our study represents the first comprehensive analysis of 
HCoV infection in a tropical rural population in Southeast Asia. 
Despite sensitive assays, we found the prevalence of infection 
with HCoVs to be very low during the study period. Similar 
to our findings, a recent study from Bangkok, Thailand, con¬ 
ducted during 2002-2003 found 229E and OC43 infections in 
4.9% of young children with acute respiratory tract illness; 
however, the majority were 229E infections rather than OC43 
infections [44]. The proportion of HCoV types we detected is 
similar to those of other international studies reporting HCoVs 
from both upper and lower acute respiratory tract illness by 
use of PCR assays [12-16, 18, 20-23, 31, 45]. In the present 
study, we detected very few NL63 infections. Moreover, a larger 
proportion of the patients with detected NL63 infections were 
coinfected with other viruses, compared with patients infected 
with other HCoV types. Additional years of surveillance will 
be necessary to clearly establish the prevalence and circulation 
patterns of HCoVs in Thailand. 


We did not find an epidemiologic association between HCoV 
infection and pneumonia. However, correlation between HCoV 
and severe pneumonia during the first study year could not be 
assessed because of the absence of a control group, and the 
low number of HCoV infections during the second study year 
made it difficult to accurately assess disease correlation. Given 
the year-to-year variation in the prevalence of HCoV infections, 
only a multiyear study may be able to definitively assess whether 
an association between HCoV infection and severe illness exists. 

Only a few studies have tested asymptomatic control subjects 
for HCoV infection, and most of these studies have tested only 
for OC43 and 229E. Using serologic assays, McIntosh et al. 

[46] detected OC43 and 229E infection in 34 (8%) of 417 
children hospitalized with acute lower respiratory tract disease 
and in 1 (8%) of 13 control children. Nokso-Koivisto et al. 

[47] failed to find 229E or OC43 by PCR among hospitalized 
children aged 1 month to 16 years with or without a history 
of respiratory tract illness. In contrast, van Elden et al. [26] 
found significantly more 229E and OC43 by PCR in patients 
with respiratory tract illness than in bone-marrow transplant 
recipients and healthy volunteers without respiratory tract ill¬ 
ness. However, they did not control for age and month of 
illness/admission, and it is unclear how frequently OC43 and 
229E were detected among patients with pneumonia versus 
those with the common cold. Thus, although numerous studies 
have tentatively linked 229E and OC43 infections to severe 
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respiratory tract illness over many years [48], no study con¬ 
trolling for age and month of illness has demonstrated an ep¬ 
idemiologic association between infection with these HCoVs 
and any illness other than the common cold. Also, no study 
has demonstrated an epidemiologic association between NL63 
and HKU1 infection and severe respiratory tract illness in re¬ 
lation to asymptomatic control subjects. Two studies did find 
NL63 and HKU1 in bronchoalveolar lavage specimens from 
patients with severe illness [49, 50]. 

In temperate regions, HCoV infections occur most frequently 
in late winter and early spring [7, 8, 17, 20]. However, there 
are few reports describing the seasonal circulation patterns of 
these viruses in the tropics [18, 23]. HCoV infections were 
detected year-round in the present study. However, during 
study year 1, OC43 infections appeared to cluster from January 
through March. In contrast, influenza virus infections clustered 
from June through October in Sa Kaeo Province [39]. There 
was a statistically significant difference in the number of OC43 
infections between year 1 and year 2, suggesting year-to-year 
variation in strain circulation. Previous multiyear studies [6, 
8-11] in temperate regions have made similar observations. 

Our study has some limitations. First, the number of HCoV 
infections detected among patients with pneumonia was likely 
underestimated. Only 55%-59% of patients admitted to a Sa 
Kaeo Province hospital with signs and symptoms of clinical 
pneumonia had a CXR taken, and only 37%—51% of these were 
enrolled in the study; children and severely ill patients were 
less likely to enroll. Second, adults were underrepresented in 
the outpatient sample. Third, we found a high proportion of 
patients infected with HCoV to be coinfected with other viruses, 
especially among those infected with NL63, making it difficult 
to determine the responsible etiology; however, we tested for 
more viruses than have other studies [26]. Finally, we cannot 
exclude the possibility that some control patients may have 
been shedding HCoV following an earlier symptomatic infec¬ 
tion. Using sensitive PCR assays, van Elden et al. [26] reported 
detecting HCoV 14 days after illness. Future studies that include 
control subjects should account for this possibility. 

Well-planned studies are needed to evaluate whether newly 
described viruses are epidemiologically associated with severe 
respiratory tract illness. We sought to determine whether in¬ 
fections with new and previously recognized HCoV types were 
associated with pneumonia requiring hospitalization in Thai¬ 
land. We found very low numbers of HCoV infections and 
failed to find an association with severe respiratory tract disease. 
However, because year-to-year variation in overall prevalence 
and type of circulating HCoV can occur, a multiyear study with 
appropriate control subjects will be necessary to adequately 
assess whether there is an association between HCoV infection 
and severe respiratory disease. 
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